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ABSTRACT 

We present the results of a 127 ks XMM-Newton observation of the broad-line radio galaxy 
3C 120 performed simultaneously with RXTE. The data have yielded the highest quality 0.6- 
10 keV spectrum of a radio-loud active galaxy ever produced. The time-averaged spectrum is 
Seyfert-like, with a reflection amplitude R ~ 0.5, and a neutral Fe Ka line with equivalent 
width ~ 53 eV. The line is slightly broadened with a FWHMps 10 4 km s _1 . This is con- 
sistent with arising from an accretion disc radius of > 75 GM/c 2 at an inclination angle of 
~ 10 degrees, consistent with the limit of < 14 degrees derived from the radio jets. At low 
energies the spectrum requires excess absorption above the Galactic value and a soft excess 
which is best fit with a bremsstrahlung model (kT = 0.3-0.4 keV). The total luminosity in the 
bremsstrahlung component is just under half of the total hard X-ray luminosity. The emission 
may originate in either the broad line region, or in giant H II regions adjacent to the nucleus. 
Weak O VII and O VIII edges are detected with high precision, suggesting the presence of 
a warm absorber component. Broadband 0.6-50 keV fits to the data cannot unambiguously 
determine the accretion mode in 3C 120. A two-component ionized disc model, with a very 
highly ionized reflector presumably arising from very close to the black hole, is only a small 
improvement over a truncated disc model. The strength of the soft X-ray emission features 
produced by the distant neutral reflector are overpredicted in our solar abundance model, im- 
plying that the heavy metal abundance in 3C 120 is subsolar. Both broadband models could 
also fit a much shorter archival XMM-Newton observation. The total count-rate declined by 
20 per cent over the course of the long observation, while small-scale rapid variability was 
present at the level of a few percent. A possible increase in the Fe Ka line flux, significant 
at the 90 per cent level, was identified at ~ 80 ks in the observation. The total unabsorbed 
luminosity of 3C 120 implies that it is accreting close to its Eddington rate, consistent with a 
model of a highly ionized thick disc. A possible connection between accretion disc thickness 
and radio jet production is discussed. 
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1 INTRODUCTION 

3C 120 O = 0.033; iBurbidgd 11961) is the brightest broad-line 
radio galaxy (BLRG) in the X-ray sky (i^-io key = 4.2 x 
10" 11 erg cm" 2 s" 1 : ISambruna. Eracleous & Mushotzkvlll999t) . 
It has been a well known and well studied source at almost 
every wavelength since the disc overy of its optical counterpart 
(Clarke, Bolton & Shimmins 1966). While the optical spectrum of 
3C 120 is very typical of a Seyfert 1, it resides in an optically 
pecu liar galaxy that shows only so me indication of spiral struc- 
ture lArclll975t [Moles et alJll988t) . The galaxy has a very ran- 
dom and confused ve locity field with only sli ght evidence of ro- 
tation [Baldwin et"aT]|l98ri iMoles et allll988h . Ph otoionized gas 
is com mon in the galaxy, and was interpreted by iBaldwin et alj 
1 1980) as resulting from illumination by the nuclear continuum. 
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However, more recent spectra of the nebulosity showed that the 
gas was at least partially photoionize d by a sign i ficant episode of 
star f ormation in the galaxy iMoles et alJll988l : ISoubevran et alj 
1989). This fact, together with the unusual velocity field, has lead 
to the hypothesis that 3C 120 is in the late stages of a merg er (e.g., 
Heck man et alj Il986t although see comments in [Baldwin et alj 
1 980 ). The optical continuum of the nucleus is known to be variable 
(e.g. Jwierick. Westerlund & GamieJl979HWebbll990l). as are the 
emission lines jo ke, Readhead & Sargent 1980: iFrench & Miller 
ll98Ct IPeterson et alJ ll998). thus allowing reverberation mapping 
to yield a well-constrained black hole mass of 3.0± 2 {° 5 x 10 7 M 
IWandel. Peterson & Malkanl 19991) . 

At radio wavelengths, 3C 120 is core-dominated and exhibits 



a superluminal jet ranging from sub-pc to nearly 100 kpc scales 


(Cohen et all 19771 


Seielstad et alJl979l:IWalker. Benson & Unwinl 


ll987llWalker et al 


2001). The superluminal speed results in an 



upperlimit to the inclination angle of the jet — and, presum- 
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ably, the ac cretion disc — to the line of sight of just 14 degrees 
(Eracleous & Ha lperniri998l) . Ejection s of plasma into the j et may 
be connected to dips in the X-ray flux iMarscher et all2 0021. 

The X-ray emission from the nucleus of 3C 120 has been 
observed since the beginning of satellite-based X-ray astron- 
omy and was known to be a variable source with a canonical 
power-law spectral sh ape that softened as the source brightened 
( Mara schi et alj Il99ll> and references therein). A weak correlation 
between the highest frequency UV emissio n detected by WE and 
the softest X-ray emission from EXOSAT jMaraschi et ailll99ll) 
indicated a Comptonization origin for the X-rays, rather than syn- 
chrotron emission from the jet. 3C 120 was not observed by Ginga, 
so the first detection of Fe Ka emission was made by ASCA. This 
50 ks observation clearly detected an Fe Ka line, but despite five 
different analyses of this dataset there has been no consensus on 
the strength of the line. Workers w ho modeled the continuum as 
an absorbed power-law l Reynolds 1997; Sambruna et al. 1999) 
consistently found the line to be very broad (a > 1.5 keV) 
and very strong (equivalent width [EW] ~ 1000 e V). If, how- 
ever, the continuum was modeled wi th reflection jG randi et all 
1 19971) . or with a broken power-law fWozniak et alj 1 19981) . the 
line width and EW dropped by over a factor of two . This 
is consistent with the results of iNandra et alj ^97a), who 
fit a power-law to the 3-1 keV data. More recent observa- 
tions o f 3C 120 by RXTE Era cleous. Sambruna & Mushotzkvl 
l200Ct iGUozzi. Sambruna & Eracleousl 120031) and BetmoSAX 
( Zdziarski & Grandi 2001) have provided some consistency by 
requiring reflection to fit the continuum and obtained an Fe Ka 
EW ~ 100 eV. Thus, previous work has shown that 3C 120 has a 
curved X-ray continuum with spectral hardening at high energies 
and a Fe Ka line which may be broad. 

A common result from the reflection models fit to these 
data is a weak re flection normalization (i.e., £l/2n = 0.4; 
Glioz zi et al. 2003). This fact, tog ethe r with the ~ 100 eV iron 
Ka EW led lEracleous etail fcOOO) and lZdziarski & Grandil <200ll) 
to postulate that the optically thick accretion disc is truncated 
in 3C 120 to a hot, optically thin flow. Indeed, based on simi- 
lar evidence, this interpretation has been applied to ot her BLRGs 
lEracleous & Halpernl 1 19981; iGrandi et alj Il999t lEracleous etail 
2000). If true, this change in accretion flow may provide an im- 
portant clue to the cause of the radio-loud/radio-quiet dichotomy 
in AGN physics. However, other explanations, such as an ionized 
accretion disc I Balla ntyne. Ross & Fabian 2002), can fit the ASCA 
data of 3C 120 without resorting to a change in accretion geometry. 
Better data are required before a detailed comparison can be made 
between a BLRG and the radio-quiet Seyfert Is. 

This paper presents such data in the form of a simultaneous 
127 ks XMM-Newton and RXTE observation of 3C 120. The re- 
sulting 0.6-10 keV spectrum has the highest signal-to-noise of any 
BLRG spectrum in that energy range. The observational details are 
outlined in the next section, and the data reduction is described in 
Section|3| The spectral and timing analyses of this dataset are pre- 
sented in Sections|4]and|5| respectively. The results are discussed 
in Section|6| before we end by summarizing in Section^ 



2 OBSERVATIONS 

XMM-Newton Jjansen et alj|200ll) observed 3C 120 during revo- 
lution 680 between 2003 August 26 05:12:32 and 2003 August 
27 18:50:52. The telescope contains two major instruments: the 
European Photon Imaging Camera (EPIC), which consists of two 



MPS jTurner et alj200ll) and one pn IStriider et alj200ll) detector, 
and th e Reflection Grating Spectrometers (RGsT lderilierder et all 
1200 ll) . This paper focuses on the broadband continuum of 3C 120, 
so we will defer the analysis of the RGS spectra to a later pub- 
lication. The medium optical filter was applied to the three EPIC 
cameras, and the MOS-2 and pn detectors were operated in small 
window mode. The MOS-1 detector was operated in timing mode, 
and those data were not inclu ded in the f ollowing analysis. Fi- 
nally, the Optical Monitor (OM: lMason et all200lh onboard XMM- 
Newton obtained 26 exposures of 3C 120 in the UVW1 band 
(2450-3200 A). Those data will also be presented in another pub- 
lication. 

RXTE observed 3C 120 between 2003 August 26 02:55:12 
and 2003 August 27 18:59:44, entirely covering the duration of the 
XMM-Newton observation. The telescope contains two collimated 
instruments that together cover the energy range 3-25 keV. The 
Proportional Counter Array (PCA; Jahoda et al. 1996) consists of 
5 xenon and propane-filled co-aligned proportional counter units 
(PCUs). Only PCU0 and PCU2 were switched on for the dura- 
tion of the 3C 120 observation, with the other three units taking 
data intermittently. The High Energy X-ray Timing Experiment 
(HEXTE; Rothschild et al. 1998) contains two clusters each with 
four phoswich detectors. During an observation, the clusters are 
rocked on and off source so that one is collecting data from the 
source while the other is observing the background. 



3 DATA REDUCTION 
3.1 XMM-Newton 

The EPIC data were extracted from the Observation Data Files 
(ODF) using the 'emchain' and 'epchain' tasks within the XMM- 
Newton Science Analysis System (SAS) v.6.0. These chains gen- 
erated calibrated event lists after removing bad pixels, and apply- 
ing both gain and Charge Transfer Inefficiency (CTI) corrections 1 . 
3C 120 fell near the edge of the pn small window, and so the spec- 
trum was extracted from a circular region with a radius of 45 arc- 
seconds. The background region was also defined by a circle with 
the same radius in one of the corners of the window. The back- 
ground was relatively steady during the observation except for a 
large increase in count rate during the last 4-5 ks of the observation 
when the telescope was approaching perigee. This period was not 
included in the data extraction. A circular region with a radius of 
25 arcseconds was employed to extract data from the MOS-2 small 
window. A similar circle on an adjacent CCD was used to obtain 
background data for this detector. With these extraction procedures, 
we obtained a pn dataset with a total good exposure time of 87.5 ks 
(including t he ~ 71 per c ent live-time of the pn in small window 
mode: lstruder et all200ll) which contained 1.8 x 10 6 photons when 
both single and double events were included. The MOS-2 detector 
yielded 6.8 x 10 5 photon in 123 ks of good exposure time. Single, 
double, triple and quadruple events were included in those data. 
Response matrices and ancillary response files for all the datasets 
were generated with the 'rmfgen' and 'arfgen' tools. 

The SAS task 'epatplot' was used to deter mine if the extracted 
spectra were affected by pileup <Balletlll999h . Unfortunately, the 
observed count rate was high enough (5.5 s _1 ) that the MOS-2 
spectra would be distorted by pileup. Therefore, we do not include 



1 see, e.g., http://xmm.vilspa.esa.es/sas/current/doc/epchain/index.html 
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the MOS-2 data in the following spectral analysis. The pn data were 
unaffected by pileup. 

3.2 RXTE 

The PCA and HEXTE data were reduced using the tools in 
FTOOLS v.5.3., with the assistance of the 'rex' script. The PCA 
data were screened using the standard criteria. Events were ac- 
cepted if the Earth elevation angle was ^ 10 degrees, the pointing 
offset was ^ 0.02 degrees, the spacecraft had been out of the South 
Atlantic Anomaly for at least 30 minutes, and the ELECTRON2 pa- 
rameter (a measure of the background in PCU2) was less than 0.1. 
Data were then extracted from the top layer of PCU0 and PCU2. 
The background model appropriate for faint extragalactic sources, 
pca_bkgd_cmf aintl7_e5v20030331 . mdl, was used in the 
reduction. The tool 'pcarsp' was then used to produce the response 
matrix for the time averaged data. 

The HEXTE data were also screened by the above cri- 
teria, but the background is extracted directly from the detec- 
tor (since the HEXTE clusters alternate observing the source 
and the background). One of the detectors in Cluster- 1 can no 
longer produce spectral information, therefore only data from 
Cluster-0 is used in the analysis presented below. The file 
xh97mar20c_pwa_64b . rmf is used as the response matrix for 
Cluster-0 data. 



4 SPECTRAL ANALYSIS 



4.1 The general spectra shape 

To obtain an overview of the shape of the X-ray spectrum, we fit 
the pn, PCA and HEXTE data between 3 and 50 keV with a power- 
law model altered only by Galactic absorption. The best fit spec- 
tral index was T — 1.78 ± 0.01, but was statistically unaccept- 
able (x 2 /d.o.f.=1658/1435; d.o.f.=degrees of freedom). Extrapolat- 
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Figure 1. Observed source (black) and background (grey) count spectra for 
the EPIC-pn (0.6-10 keV), PCA (7-20 keV) and HEXTE (20-50 keV). 
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Figure 2. The upper panel shows the 3C 120 count spectra between 0.6 
and 20 keV from the pn and PCA detectors, while the bottom panel plots 
the data-to-model ratio assuming a model of an absorbed power-law fit be- 
tween 3 and 50 keV. A soft excess, a two component Fe K line, and a weak 
reflection hump are all seen in the residuals. The HEXTE data, although not 
shown here, were used in the fit. 

ing the model to low energies gives a view of the spectral shape 
over nearly two orders of magnitude in energy (Figured- 
Trie residuals show that the spectrum exhibits significant cur- 
vature particularly below ~ 3 keV where a soft excess is re- 
quir ed. A soft excess was not necess ary in the ASCA analy- 
ses <Revnoldslll997l: iGrandi et alJll997h of 3 C 120, but one was 
found in both the ROSAT jGrandi et alJl997l) and BeppoSAX data 
IZdziarski & Grandl200l1) . These last authors attribute the soft ex- 
cess to an extended thermal component possibly s een in the R OSAT 
High Resolution Imager (HRI). However, McK ernan et alJ 120031) 
very recently presented a Chandra gratings observation of 3C 120, 
and found that the object was entirely consistent with being a point 
source, with only a very weak (~6 per cent of peak) extension in 
one direction. Therefore, it seems unlikely that the soft excess is 
due to thermal emission far away from the AGN. 

The hard power-law fit also reveals significant residuals in the 
Fe Ka region (Figure and a weak reflection hump at ~ 15- 
20 keV. Below, we will first concentrate on describing the hard X- 



In this section we analyze the time-averaged spectrum of 3C 120 ^ 
from all three instruments (EPIC-pn, PCA, and HEXTE). The o 
spectra were grouped to have a minimum of 20 counts per bin \ 
in order for x 2 minimization to be applicable. The spectral fit- 
ting was performed simultaneously on all datasets using XSPEC 
v,11.3.0p I Arnaudl l 19961) . The uncertainties on the best fit pa- 
rameters are the 2a errorbars for one parameter of interest (i.e., 
Ax 2 = 2.71). Galactic absorption toward 3C 120 is taken to be 
A H = 1.20 x 10 21 cm" 2 iElvis Lockman & Wilkeslll989l). and 
is modeled by the 'TBabs' code JWilms. Allen & McCra\ti200oh 
in XSPEC. Unless otherwise specified, all fits restricted the energy 
range of the various instruments as follows: 0.6—10 keV (pn), 7— 
20 keV (PCA), and 20-50 keV (HEXTE). The spectrum hardens 
suddenly and drastically (AT ~ 1.5) at energies less than 0.6 keV. 
It is unknown if this is real or a calibration problem (the harden- 
ing appears below 0.5 keV in the MOS-2), so we have ignored 
those data pending further investigation. To account for any cross- 
calibration uncertainties between the different instruments, their 
relative normalizations were left free during the spectral fitting pro- 
cess. 

In Figure Q the observed source and background spectra are 
plotted for all three instruments indicating that, except for the 
HEXTE data, the source is much higher than the background over 
the energy range of interest. 
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Figure 3. The data-to-model ratio between 4 and 10 keV, for an absorbed 
power-law fit to the 3-50 keV data. The data between 5 and 7.2 keV were 
ignored in the fit to emphasize the emission features in the iron line region. 

ray spectrum of 3C 120, including the Fe Ka line and reflection 
features. We will then extrapolate these models to the low energy 
end to investigate their effect on the soft excess. 

4.2 The hard X-ray continuum and Fe Ka line 

In this section we attempt to describe the spectrum of 3C 120 be- 
tween 3 and 50 keV using both simple and detailed models for the 
continuum. The results are summarized in TableQ 

The fits clearly indicate two distinct emission lines between 6 
and 7 keV. The lower energy line has an equivalent width (EW) 
of 53 eV, is consistent with arising from weakly ionized iron 
(Fe I-Fe xviii: lHousell969t) . and is slightly broadened (FWHM w 
10 4 km s _1 ). The unresolved higher energy line at 6.93]t "oi keV is 
consistent with emission from H-like iron and is not very prominent 
(EW= 13 eV), but does significantly improve the fit (at > 99.99 
per cent according to th e F-test). These iron line parameters agree 
with those presented bv lYaaoob & PadmanabhanM2004l) . who an- 
alyzed Chandra High-Energy Gratings (HEG) data of many bright 
Seyfert 1 galaxies. Those authors also found marginal evidence for 
an emission feature at ~ 6.9 keV from 3C 120 which we confirm 
with these XMM-Newton data. 

Similarly to the p revious BeppoSAX and RXTE analyses 
jEracleous et alJ l200d : IZdziarski & Grandil 1200 it iGliozzi et al] 
120031) . the spectrum of 3C 120 was well fit with a moderate amount 
of reflection. These high-quality XMM-Newton data constrain the 
reflection fraction to be R ~ 0.5 for a solar abundance of Fe when 
using either the PEXRAV ( Masdziarz & Zdziarsk ill995h reflection 
model, or the more d etai led ionized disc (IONDISC) models of 
iRoss &Fabianl< 19931) and lRoss et ai]<1999l) . Furthermore, the ion- 
ization parameter of the reflector is low, indicating that the promi- 
nent spectral features (the Fe Ka line and edge) are dominated by 
neutral reflection. 

A diskline model for the Fe Ka line resulted in a relatively 
large value for the disc inner radius (r- m ~ 200 r g , where r g = 
GM/c? is the gravitational radius) for a typical steep emissivity of 
r~ 3 . However, a similar fit statistic was found when the inner radius 
was fixed at n n = 6 r g , and the emissivity allowed to be much flat- 
ter. When the curved IONDISC continuum and line spectrum was 
blurred with the diskline kernel (a significant improvement to the 
non-blurred case; see Table0, the value of n n decreased to about 



75 r g for an emissivity of r~ 3 . The difference is due to changes in 
the inclination angle and continuum shape. As mentioned in Sect.Q 
radio data place an upper-limit of 14 degrees to the inclination an- 
gle of the jet (and likely the accretion disc) to the line-of-sight. 
The minimum angle allowed by the PEXRAV and PEXRIV codes 
is 18.2 degrees, and the diskline model was fixed at that angle for 
consistency. Allowing the inclination angle to vary in the PEXRAV 
model did not improve the fit. As with the PEXRAV+DL model, 
an acceptable fit was still obtained when ri n — 6 r g and a flatter 
emissivity allowed. 

IONDISC models with iron abundances that differed from so- 
lar were also fit to these data. While the resulting \ 2 was satis- 
factory, the model with a supersolar iron abundance was a worse 
fit than the model with strictly solar abundances because of prob- 
lems accounting for the shape of the iron edge and reflection hump. 
However, the IONDISC model with half the solar abundance of 
iron yielded the same fit statistic as the solar model by making use 
of a steeper primary spectrum of V = 1.9 and a higher reflection 
fraction. 

Extrapolating the PEXRAV+DL+G model to 2 keV yields a 
2-10 keV flux of F 2 - W kc v = 4.6 x 10" 11 erg cm" 2 s _1 and a 
luminosity of Li— io k c v = 1.2 x 10 44 erg s _1 (assuming a WMAP 
cosm ology: H = 70 km s~ 4 Mpc -1 , A = 0.73; Sperg el et ail 
l2003t) . Thus, 3C 120 was in a higher flux state during the XMM- 
Newton observation than found in the well-studied ASCA observa- 
tion. 

4.3 Broadband models 

In the previous section, the 3-50 keV spectrum of 3C 120 was 
found to be well described by a moderate amount of neutral re- 
flection plus two emission lines. Can this model account for the 
entire observed X-ray spectrum of 3C 120? In Figure0we plot the 
residuals when two of the best-fitting models from TableQ(namely, 
PEXRAV+DL+G and the blurred lxFelONDISC+G) are extrapo- 
lated to 0.6 keV. The plots show that the two models predict very 
different shapes for the softer energies. The PEXRAV continuum 
is very similar to a pure power-law, and so predicts a significant 
soft excess (e.g., Fig.|2j. The IONDISC model has a substantial in- 
crease in emission at lower e nergies due to f ree-free emission and 
recombination lines (see, e.g.. lRoss et alJl999T) . As a result, greater 
than Galactic absorption is predicted below 0.8 keV, as well as a 
soft-excess. 

We first attempted to construct a broadband model of 3C 120 
by adding a soft continuum component to the PEXRAV+DL+G 
model. Intrinsic absorption was also added to the model in case 
it proved necessary. The parameters of the three most successful 
fits are shown in Table [2] with the bremsstrahlung continuum pro- 
viding the best fit to the soft excess. A significant (> 99.99 per 
cent) improvement to the broadband model was found by includ- 
ing absorption edges from O VII and O VIII. The maximum optical 
depths of the edges were measured with good pr ecision, and are 
consistent with previous anal yses lRevnoldJl997tlSambruna et alJ 
Il999t iMcKernan et aljEbol . The edges provide strong evidence 
for warm absorption along the line-of-sight to 3C 120 which will 
be further analyzed using RGS data. A plot of this best fitting 
broadband model, along with the residuals, is shown in Figure [5] 
The remaining residuals shown in the figure are dominated by sys- 
tematics in the detector response, such as the neut ral Si K -edge 
at 1.84 keV and the Au M-edge at 2.2 keV (e.g., lKirschll2003l 
IVauehan & Fabianl2004 . 

The bremsstrahlung model requires only slight intrinsic ab- 
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Table 1. Results from fitting the spectrum of 3C 120 from 3 to 50 keV. The 'Model' column describes the models employ ed in each case with the fo llowing 
notation: PL=power-law, G=Gaussian emission line, PEXRAV & PEXRIV = the reflection continua calculated by Magdziarz & Zdziarski 1 1995), DL = 
diskline emission i Fabian et al. 1989) and IONDISC = constant-density ionized disc reflection model I Ross & Fabian 1993; Ross, Fabian & Youna 1999). T 
is the photon-index of the incident power-law, E b is the rest energy of the broad emission line (in keV), and o-j, is the width of the broad line (in keV). The 
DL parameters tabulated are r- ln , the inner radius of emission in units of r g , (3, the power-law emissivity index, and i the inclination angle (in degrees). The 
reflection parameters are R, the reflection fraction, and f, the ionization parameter (in erg cm s _1 ). When either of the PEXRAV or PEXRIV code were in 
use the inclination angle was fixed at 18.2 degrees, the minimum allowed by the models. 
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Figure 4. (Left): Count spectra and model residuals (in units of standard deviations) when the PEXRAV+DL+G model of TableHlis extrapolated to 0.6 keV. 
The model predicts a significant soft-excess between 0.6 and 2 keV. (Right): Same as the other plot except the blurred lxFelONDISC+G model from TablefTI 
is extrapolated to 0.6 keV. A soft excess is still predicted, but seems weaker and not as broad as that found from the other model. Excess absorption is also 
predicted. In both figures, PCA data are denoted by stars. 



Table 2. Parameters resulting from fitting the 3C 120 data between 0.6 and 50 keV. Intrinsic absorption (using the 'ztbabs' model) and various continua 
models were added to the PEXRAV+DL+G model from TableHlto model the residuals shown in Fig.|4] The first column lists the models used to account for 
the soft excess. Nh is the column density of the intrinsic absorber (in units of 10 21 cm -2 ). kT is the temperature of the fitted blackbody or bremsstrahlung 
component, while T s is the photon index of the added power-law. Tq^^ and Tq^ ui are the maximum optical depths of the O VII and O VIII edges 
respectively. The other symbols have the same meaning as in TableHI The disc inclination angle and diskline emissivity were fixed at 18.2 degrees and —3 
for all fits. 
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Figure 5. The upper panel shows the best-fitting broadband model of 
3C 120 using a PEXRAV and bremsstrahlung continuum, plus edges from 
O VII and O VIII. The solid line plots the total model, while the individual 
curves denote the model components. The bottom panel plots the residuals 
(in units of standard deviations). PCA data are denoted by stars. 
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Figure 6. The upper panel shows a broadband model of 3C 120 using 
two lxFelONDISC models and a bremsstrahlung continuum. The solid line 
plots the total model, while the individual curves denote the model compo- 
nents. The bottom panel plots the residuals (in units of standard deviations). 
PCA data are denoted by stars. 



sorption with a column of 0.57 x 10 21 cm -2 . This result was from 
a cold absorption model, but with the strong evidence for warm 
absorption provided by the oxygen edges, the actual value of the 
intrinsic cold absorbing column will likely be lower. Absorption 
in excess of the Galactic colum n was also inferred from ROSAT 
iGrandi et alll997t). ASCA jRevnolds|l997tlSambruna et alll999t) . 
and BeppoSAX (Zdziarski & Grandi 2001) data. However, it was 
not found in EXOSAT data iMaraschi et al. 1991) or in the recent 
Chandra observation iMcKernan^t^Ll2003l) . although this would 
depend on the correction for the ACIS degradation. 

As seen in Figure [5] the bremsstrahlung component does not 
dominate the overall X-ray flux from 3C 120, contributing only 3.5 
per cent of the 0.6-50 keV flux (1.38 x 10" 10 erg cm" 2 s" 1 ) and 
20 per cent of the 0.6-2 keV flux (2.31 x 10" 11 erg cm" 2 s" 1 ). 
The EWs of the emission lines are 53 eV for the broad Fe Ka line 
and 1 1 eV for the ionized line, very similar to the values obtained 
from the 3-50 keV fits. 

Intrinsic absorption, oxygen edges and soft excess models 
were then added to the IONDISC continuum model (Fig.|4| right- 
hand side), but the fits lost the good results at the high energy end. 
This is because the neutral reflection models predict Lya emis- 
sion lines from H-like Mg and Si between 1 and 2 ke V, as well a s 
other recombination lines at lower energies (e.g jRoss et"aTT l999). 
These emission lines are not required by the data at their predicted 
strengths (for solar abundances), and the fit therefore dropped the 
reflection fraction by ~ 2, resulting in a poorer description to the 
Fe Ka line and reflection hump. One way to diminish the impor- 
tance of the softer lines in the IONDISC model is if the reflection 
spectrum is a result of reprocessing from material at some distance 
from the illuminating power-law. Then the reflection spectrum can 
be adjusted independently of the continuum. Indeed, the values of 
R and ri n found by fitting the 3-50 keV spectrum indicate that the 
reprocessing is occurring well away from the central engine (Ta- 
bleQ}. 

We therefore attempted to fit the 0.6-50 keV spectrum of 
3C 120 with a model of a power-law continuum and distant re- 
flection (modeled with the IONDISC code), as well as intrinsic 
absorption, O VII and O VIII edges, and a bremsstrahlung spec- 



trum to account for the soft excess. This model is not too dissim- 
ila r from the two com ponent model of MC G-6-30-15 put forward 
bv lFabian & Vaughanl J2003T) and lMiniutti & Fabianl 12004). In this 
case, however, the reflection component does not extend to the in- 
nermost stable orbit of the accretion disc. The results of the spectral 
fit with this model are shown in Table|3| A decent fit is obtained, but 
with a worse reduced \ 2 as was found for the PEXRAV+DL and 
bremsstrahlung model (Table|2j- Again, this is due to the presence 
of the soft emission lines predicted by the model. However, these 
lines must be there at some level in a neutral reflection spectrum, 
so the better fit by the PEXRAV continuum argues for a subsolar 
abundance of metals (e.g., O, Mg, Si, and Fe) in 3C 120. Recall 
that the 3-50 keV spectrum was equally as well fit by a IONDISC 
model with half the solar abundance of iron. Unfortunately, grids of 
IONDISC models with other metal abundances differing from solar 
are not available, so their values cannot be directly constrained. Yet, 
there is optical spectr oscopic evidence for non- solar abundances 
within 3C 120. Both Bal dwin et ail <1980l) and iFrench & Miller 
1 1980) find that the metal abundance (in particular O) in the nebular 
gas may differ from solar by factors of several. It is reasonable to 
expect that the gas feeding onto the black hole will not have a too 
dissimilar abundance pattern. 

An improvement to the fit was obtained when the additional 
power-law was replaced by a highly-ionized reflector (from the 
same set of IONDISC models). The added reflection component in- 
cluded the intrinsic power-law, but had R fixed at unity. This model 
is similar to the two-component ionized disc fit to MCG-6-30-15 
presented by Ba llantyne. Vaughan & Fabianl 1200 3l) . but this new 
reflection component is ionized to the point that it does not con- 
tribute much, if any, emission to the Fe Ka line or absorption to 
the iron edge (Figure[6j. It does however exhibit a small amount of 
spectral curvature due to free-free emission at low energies from the 
hot surface of the slab. This small amount of curvature in the spec- 
trum obviously makes an improvement to the fit from the power- 
law spectrum (Ax 2 = 7 for 1 additional degree of freedom, giving 
a F-test probability of 98.9 per cent). Since this ionized spectrum 
does not predict a significant spectral feature, it could not be rela- 
tivistically blurred to constrain an emission radius. It seems reason- 
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Table 3. Parameters resulting from fitting the 3C 120 data between 0.6 and 50 keV. Intrinsic absorption (using the 'ztbabs' model), a bremsstrahlung 
spectrum, O VII and O VIII edges, and an additional continuum component were added to the blurred lxFelONDISC+G model, where the IONDISC 
spectrum is now reflection dominated. The first column lists the added broadband continuum model. TVh is the column density of the intrinsic absorber 
(in units of 10 21 cm -2 ). kT is the temperature of the bremsstrahlung component that fits the soft excess, and £ r is the ionization parameter of the 
reflection-dominated reprocessor. The other symbols have the same meaning as in Tables HI andl2l The emissivity and outer radius were fixed at —3 and 
1000 r g , respectively, for all fits. 

Added Continuum F JV H r- m i log£ kT rg^jj ^ovin X 2 / d o f - 

Power-law 1.86±0.01 1.0 + °? 10+°' 2 66+?^ 9.7+H 0.37±0.02 0.06±0.01 0.04±0.01 2034/1909 

— U . 1 — Up — 1 5 —4.5 

Ionized Reflectort 1.74±0.02 1.2 jig' J W -0p ™1?7 9 - 3 tso 5 ~o P i4 0.31±0.01 0.07±0.01 0.03±0.01 2027/1908 
Notes: t highly ionized reflector added in with R fixed at unity 
p p parameter pegged at upper/lower limit 



able to expect that it arises from the innermost parts of the accretion 
disc (e.g., Balla ntvne et"ai.l2003l) . The EWs of the two emission 
lines are 50 eV and 12 eV, in good agreement with those obtained 
from the 3-50 keV fits (Sect.l42l. 

As expected from Fig. [4] the intrinsic absorption column is 
larger for the IONDISC-based models than with the PEXRAV- 
based ones, with a value of Nu ~ 1 x 10 21 cm -2 . Again, this 
values will likely drop by a small amount once the warm absorber 
has been correctly modeled. 

The best fitting bremsstrahlung temperature is an order of 
magnitude lower than the surface temperature of the ionized re- 
flector, and contributes only 0.2 per cent of the total 2-10 keV 
flux, T^-io kcv = 4.65 x 10 -11 erg cm -2 s~ . However, it 
produces 23 per cent of the total 0.6-2 keV flux, Fo.s-2 k c v = 
2.31 x 10~ n erg cm" 2 s" 1 . 

The reflection dominated spectrum has a very low ionization 
parameter, so is dominated by a neutral Fe Kq line plus recombi- 
nation lines at lower energies. The width of the Fe Kq line restricts 
the reflection region to be greater than ~ 70 r g from the black hole 
(of course, a flatter emissivity would allow a lower n n ). This com- 
ponent contributes 3 per cent of the total 2-10 keV flux and 9 per 
cent of the total 0.6-50 keV flux, 1.41 x 10~ 10 erg cm" 2 s" 1 . 

Using the PEXRAV+DL+G and bremsstrahlung continuum 
from Table [2] we find that the total unabsorbed X-ray lumi- 
nosity between 2 and 50 keV is L2-50 k c v=2.9x 10 44 erg s _1 
(L2-10 kcv=l-2x 10 44 erg s _1 ; Sect. l4.2> . The Eddington luminos- 
ity for a 3 x 10 7 M Q black hole is 3.78 x 10 45 erg s" 1 , so if the hard 
X-rays contribute about 10 per cent of the bolometric luminosity of 
3C 120 lElvis etalll9 94). then this observation caught the source 
accreting very close (~ 77 per cent) to the Eddington rate. How- 
ever, given the small inclination angle into the central engine, it is 
possible that the observed flux is enhanced due to beaming along 
the line-of-sight. 

4.4 An earlier XMM-Newton observation of 3C 120 

3C 120 was previously observed by XMM-Newton during revolu- 
tion 502 as part of a Guaranteed Time observing program. The ob- 
servation occurred on 2002 September 6, and lasted for 12.6 ks. 
The EPIC MOS2 and pn were in small-window mode, and the 
MOS1 detector was in timing mode. The ODF was downloaded 
from the XMM-Newton Science Archive 2 , and reduced using SAS 
v.6.0. following the same procedures as described in Sect. 13. II Be- 
low, we analyze the pn spectrum from this observation. The total 
good exposure time after filtering and extraction was 8250 s. These 

2 http://xmm.vilspa.esa.es/external/xmm_data_acc/xsa/index.shtml 



data caught 3C 120 in a slightly lower flux state (F2_io kcv = 
4.0 x 10" 11 erg cm -2 s _1 ), and so it interesting to try our best fit- 
ting time-averaged models from the previous section to see if there 
were any important changes to the fit parameters. 

We again fit the pn data from 0.6-10 keV, and used two mod- 
els: (1) the bremsstrahlung and PEXRAV model from Table|2| and 
(2) the bremsstrahlung+2 IONDISC model from Table [3] Intrin- 
sic absorption and O VII and O VIII edges were also included in the 
models. The results are shown in Table|4] Both models successfully 
fit the data with similar values of the reduced x 1 , but point to two 
different interpretations of the spectrum. In both cases, the oxygen 
absorption edges are not required by the fits, but the upper-limits 
are consistent with the values found from the later, longer XMM- 
Newton dataset (similarly for the intrinsic absorption columns). 

The PEXRAV model results in a steep r R. 1.9 spectrum 
which has a high reflection fraction of R ~ 2. The neutral Fe Kq 
line is still present, but now has a reduced EW of 40 eV. These mea- 
surements imply a drastic change in the source between the two 
observations, even though the flux differed by only ~ 13 per cent. 
Indeed, a steeper spectrum at this flux state would be unusual, as 
3C 120 has been observed to follow the typical Seyfert behaviour of 
exhib iting a harder spectrum at lower count rates (e.g., Glio zzi et alJ 
2003). The very strong Fe edge in the model diminished the contri- 
bution of the weak ionized line at ~ 6.9 keV. 

In contrast, the IONDISC model results in a lower T at this 

flux state, in agreement with past observations. The reduced \ 2 is 

slightly worse than with the PEXRAV model, but, as in Sect. 14.31 

this can be attributed to overestimating the metal abundances in the 

source. A stronger Fe Kq edge is possibly needed for this dataset, 

as ionization parameters that are smaller by a factor of a few are 

allowed for the highly ionized reflector. Lower values of £ will 

I 1 1 ? 

produce a more prominent (but still broad; Ross et al. 1999) iron 

edge. Unfortunately, the inner radius of the distant reflector is un- 
constrained at large radii, but is consistent with the neutral reflector 
being brought closer to the central engine. The strength of this com- 
ponent in the 2-10 keV band, relative to the total, was the same 
3 per cent as in the longer observation, but the total flux in the 
bremsstrahlung component was lower by 18 per cent. The total un- 
absorbed luminosity between 2 and 10 keV predicted by this model 
is L 2 _io kev=10 44 erg s _1 . 



5 TIMING ANALYSIS 

3C120 is a known variable X-ray source (e.g., iMarshall et alJ 
2004), although previous observations have shown that any large 
amplitude variations occur on timescales of days to weeks 
iGliozzi et aill2003l) rather than on the hours-to-days timescale of 
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Table 4. Parameters resulting from fitting the archival 3C 120 data between 0.6 and 10 keV. The model included intrinsic absorption (using the 'ztbabs' 
model), O VII and O VIII edges, a bremsstrahlung spectrum, plus one of the two different best fitting continuum models from the previous section. Model #1 
is the bremsstrahlung and PEXRAV model from Tablel2l while model #2 is the bremsstrahlung+2 IONDISC model from Tablel3l All symbols have the same 
meaning as in previous tables. EW*i is the equivalent width (in eV) of the neutral Fe Kq line. EW2 is the equivalent width (in eV) of the narrow, ionized 
line. The diskline emissivity and outer radius was fixed at —3 and 1000 r 9 , respectively, for all fits. 
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Figure 7. EPIC pn 0.2-10 keV lightcurve of 3C 120 in 500 s bins. The 
source shows small short timescale variability, and a decreasing trend from 
the beginning to the end of the observation. 
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Figure 8. The EPIC pn (0.2-0.5 keV)/(2-10 keV) softness ratio of 3C 120 
as a function of time (in 750 s bins) during the XMM-Newton observation. 
The source shows both long and short timescale mild spectral variability. 



pointed observations <Revnoldsll997l:lMcKernan et all2003l) . Such 
is the case with the current XMM-Newton observation. Figure [7] 
plots the 0.2-10 keV EPIC pn lightcurve of 3C 120 in 500 s bins. 
The lightcurve is dominated by a long timescale declining trend as 
the source count-rate drops by ~ 20 per cent from the start to the 
end of the observation. Fitting the lightcurve with a constant yields 
X 2 /d.o.f.=5493/238. As it decays 3C 120 also exhibits low ampli- 
tude flickering on the order of 2-3 per cent. 

Evidence for spect ral variability has bee n previousl y presented 
bv lZdziarski & Grandil <200ll) and lGliozzi et alJ fc003l) . These au- 
thors found that 3C 120 was more variable at lower energies, and 
showed the typical Seyfert 1 characteristic of becoming softer at 
higher count-rates. Figure [8] plots the EPIC pn 0.2-0.5 keV to 2- 
10 keV softness ratio from the long XMM-Newton observation. 
Modest spectral variability is observed in the source (a constant 
fit results in /d.o.f. =240/1 62), but it is not in the straightfor- 
ward manner described above. It appears that the softness ratio re- 
mains roughly constant over the first 60 ks of the observation even 
though the overall count-rate is falling (Fig.0. Beyond this point, 
the source shows a gradual hardening. The amplitude of the de- 
crease in the softness ratio is small, which may be the result of the 
relative minor change in count-rate. Observations that probe longer 
timescales (e.g., Gliozzi et al. 2003) are necessary to fully under- 
stand the variability properties of 3C 120. 

There is also modest evidence for an increase in the Fe Ka 
line flux in the latter part of the observation. Figure|5|shows an im- 



age plotting the excess flux above the best-fit power-law continuum 
as a function of both energy (between 4 and 9 keV) and time. For 
full details on how the image was constructed see Iwasawa et al. (in 
prep). Concentrating only on the observed Fe Kq line band, we see 
that the excess flux appears to increase at > 80 ks into the obser- 
vation, before diminishing 10-20 ks later. The observed increase is 
significant at ~ 90 per cent level (Figure [Tol . so future observa- 
tions are required to verify the possibility of a variable Fe Ka line 
in 3C 120. 



6 DISCUSSION 

In the previous sections we have presented the results of a simulta- 
neous 127 ks XMM-Newton and RXTE observation of 3C 120, the 
brightest BLRG at X-ray energies. This dataset provides the highest 
quality 0.6-10 keV spectrum of a radio-loud AGN ever produced. 
Below, we will discuss the results of our analysis and attempt to 
place then in the larger context of AGN and jet physics. 

6.1 Accretion mode 

One of the long-standing puzzles in the study of AGN is the cause 
of the wide range of radio powers produced by the central en- 
gine. Only about 15-20 per cent of qua sars and Seyfert g alaxies 
produce large-scale, luminous radio jets iKellermann et al Jl 19891) . 
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Figure 9. The image plots the excess flux above the best-fit power-law con- 
tinuum as a function of both energy (in 0.2 keV bins) and time (5 ks res- 
olution). The colour map ranges linearly from ph cm~ 2 s~ 1 (black) to 
1.92 X 10 -5 ph cm -2 s _1 (white). The plot shows an apparent increase 
(significant at the ~ 90 per cent level) in the excess flux in the observed 
Fe Ka band at ~ 80 ks into the observation. Full details on the construc- 
tion of such images will be described by Iwasawa et al. (in prep). 
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Figure 10. The points show the Fe Ka line flux from four different time 
intervals in the EPIC pn lightcurve. The error-bars show the Icr uncertainty 
in the measurement. The 90 per cent error bars of the second and third data 
points do not overlap. The dotted line shows the smoothed 5 ks resolution 
Fe K lightcurve from the excess image (Fig.l9*l. 



These radio-loud AGN tend to dwell in large elliptical gal axies, 
and th us have central black holes with masses ^ 10 s M w lLaod 
l200(i iMcLure & DunlorJl200lt Ijarvis & McLurdl2002t . In con- 
trast, the radio-quiet AGN mostly inhabit spiral galaxies and so 
have less massive black holes. However, recent compilations of 
AGN black hole masses suggest that radio-loud sources can ex- 
ist over a wide range of black hole mass and accretion rate 



l2002t lOshlack. Webster & Whitin3l200l IWoo & Urrvll2002l: for 
a dissenting view see lLaoJl2004) . Indeed, low-luminosity AGNs, 
such as LINERs, also appear to be more frequently radio-loud than 
Seyfert galaxies jHol2002l : lNagar et all2002l) . 

As mentioned in Sect. Q previous observations of 3C 120 
and other BLRGs by ASCA or RXTE have found slightly harder 
X-ray continua and weaker reflection features than the radio-quiet 
Seyfert Is (e.g., Eracleous & Haloern 1998). These facts favoured 
an interpretation of an accretion geometry where the optically-thick 
disc was truncated into an optically-thin, but geometrically thick 
flow. Our analysis of the XMM-Newton data of 3C 120 confirms 
the previous findings of apparent weak reflection and Fe Ka line 
(Table0. Moreover, the neutral Fe Ka line is observed to be rather 
narrow (FWHM~ 10 4 km s" 1 ), although, because of the low in- 
clination angle into the system, this corresponds to a disc radius 
of ~ 75 r g assuming a r~ 3 emissivity. Based on these facts alone 
it would be tempting to conclude that this is strong evidence for a 
truncated accretion flow in 3C 120. However, if a flatter emissiv- 
ity profile is allowed, then the line may extend down to the inner- 
most stable circular orbit (ISCO) for a Schwarzschild black hole 
with little change in the fit statistic (Table 0. Such flat emissiv- 
ity profiles have been postulated to explain so me of the more un- 
usual narrow lines observed by XMM-Newton lYaaoob et all2003t 
IVauahan etai] l2004). While there is no a priori reason to expect 
flat emissivity profiles in the central engines of AGN, it is impor- 
tant to realize that the geometry of the X-ray emitting region is 
unknown even in radio-quiet Seyfert Is. Since radio-loud AGN are 
already unusual in the manner of their radio emission, one could 
not rule out a non-standard emissivity profile for the Fe Ka line. 
For example, power removed from the disc by the jet could re- 
duce the emissivity profile near the center. If this power is then 
releas ed as an X-ray source ~ 100 r g above the black hole (e.g., 
Ghisellini, Haardt & Matt 2004), a flat emissivity profile will also 
result JVaughan et all2004 . Alternatively, the jet may obscure the 
central regions of the disc from view, resulting in a narrower iron 
line (this could be relevant for face-on sources such as 3C 120). 
Thus, the width of the iron line in the XMM-Newton data cannot 
be used to argue for a truncated accretion disc in 3C 120. The low 
reflection amplitude can be explained by a subsolar iron abundance 
(Table or dilution from another continuum component, rather 
than a low intrinsic covering factor. As all three explanations re- 
sult in roughly the same statistical fit to the data, there is no clear 
indication for a change in accretion geometry in 3C 120. 

An alternative explanation for the low reflection fracti on and 
weak Fe Ka line in BLRGs was put forward bv lBallantvne et all 
(2002). These authors suggested that the observed properties could 
be explained by reflection from a highly photoionized accretion 
disc that may extend unaltered down to the ISCO. This model can 
fit the XMM-Newton data presented here, but requires a double re- 
flection model (cf., Ballant vne et all200 3) where the innermost re- 
flector is highly ionized, and a neutral outer reflector which pro- 
duces the observed Fe Ka line (see Fig. Moreover, subsolar 
metal abundances (e.g., O, Mg and Si) are also required in order 
for the emission features at softer energies to be consistent with 
the data. However, the inner ionized reflector was required to have 
a very high ionization parameter, so that the reflection spectrum, 
when combined with the incident power-law, was almost indistin- 
guishable from a power-law itself. As a result, we were unable to 
use relativistic blurring to test if it was consistent with arising from 
close to the ISCO. Furthermore, the differences between the highly 
ionized reflector and a pure power-law which resulted in the bet- 
ter fit are subtle and thus are dominated by systematics in the data 
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and response matrices rather than physics. Therefore, although the 
double reflection model provided almost as good a spectral fit, it 
also cannot be judged to be the preferred accretion geometry for 
3C 120. 

The 12.7 ks observation of 3C 120 caught the source in a 
slightly lower flux state than the long XMM-Newton pointing, so 
one would hope to see evidence of a lower ionization state in the 
inner accretion disc. When fit to these data, the double reflection 
model provided a good fit with an ionization parameter and inner 
radius consistent with being smaller, but with large error-bars. It 
seems that to truly test this model (as well as the others) would 
require fits at a number of different flux level s. As 3C 120 varies 
most strongly on timescales of days to weeks iGliozzi et all2003t 
Marshall et al. 2004), a number of 20-30 ks observations each sep- 
arated by a month or two, might be the best strategy for finally 
determining the accretion mode in 3C 120. 



6.2 The role of the relativistic jet 

3C 120 possesses a superluminal radio jet which constrains the 
inclination angle to < 14 degrees. The angle resulting from 
the relativistic fits to the X-ray spectrum is consistent with this 
limit (Tables Q and |3j. This low inclination angle implies that 
3C 120 may show some blazar characteristics, such as rapid X- 
ray variability or a very hard spectrum. At the very least, a jet- 
ted X-ray component could dilute a Seyfert spectrum, and cause 
the observed weak reflection features. The XMM-Newton obser- 
vation clearly shows that any blazar-like features due to the jet 
do not dominate the X-ray emission. The Fe Kg line, r eflec- 
tion hump, spectral-energy distribution I Maraschi et alj l993). and 
lack of COMPTEL or E GRET detection iMaisack et alJ Il995t 
Ivon Montignv et all 19 95) all poi nt to a high-en ergy spectrum that 
is Seyfert-like (e.g. Zdziarski & Grandi 2001). Furthermore, the 
obser ved variability properties iGliozzi et all2003llMarshall et al] 
120041) are also inconsistent with a jet origin for the X-ray emis- 
sion. While it is hard to place a strict limit o n any contribution by 
a blazar-like component 1 Gliozzi et al. 1 2003) estimate 5 per cent), 
the XMM-Newton data do not provide any evidence for this com- 
ponent. A higher-energy observation by Integral or ASTRO-E2 is 
necessary to determine the amount, if any, of jet contamination to 
the X-ray emission of 3C 120. 



6.3 The origin of the soft excess 

The XMM-Newton data indicates a clear need for a soft 
excess in th e spectrum of 3C 120, i n agreement with 
earlier work jW alter & CourvoisieJ Il992l ; iGrandi et alJ 1 19971 ; 
Zdzia rski & Grandill200lh . However, we found that the soft ex- 
cess is best fit b y a thermal bremsstrahlung spectrum rather 
than a power-law {Grandi et alj fl997) or a line-emitting plasma 
IZdziarski & Grandil200llT The best fit bremsstrahlung model had 
a temperature of kT w 0.3-0.4 keV or 3.5-4.6 x 10 6 K, and was 
required to be subject to intrinsic as well as Galactic absorption (as 
opposed to the plasma model of IZdziarski & Grandill200lt) . This 
agrees with the fact that the zeroth-order Chandra image of 3C 120 
did not detect a significant extended component I Mc Kernan et alJ 
2003). The total unabsorbed luminosity in the bremsstrahlung spec- 
trum is 1.6 x 10 44 erg s _1 , which is less than half of the total X-ray 
luminosity of 3C 120, Lo.6-50 keV = 3.8 x 10 44 erg s _1 . The un- 
absorbed free-free spectrum peaks in EFe space at ~0.2 keV. 

The hot temperature of the bremsstrahlung spectrum and the 



close relation between the luminosities strongly suggests that the 
X-ray emission is the cause of the hot emitting gas. The lower 
bremsstrahlung flux observed from the archival observation of 
3C 120 also points to a connection between the free-free emitting 
gas and the AGN. Two possible origins for this hot gas are the 
broad-line region, and nearby giant H II regions. Optical studies 
of the broad emission li nes in 3C 120 hav e all noticed the presence 
of strong He lines (e.g. jMoles et alll988l) . which can be explained 
if the lines form i n regions of very high density (n e > 10 10 cm -3 ; 
iRudv et allfl987l> . The inclination angle into 3C 120 is such that 
our line-of-sight may pass through a significant volume of the pho- 
toionized gas that makes up the broad-line region. With the high 
density implied by the He emission lines, a strong free-free contin- 
uum may be emitted. This scenario could be tested by other obser- 
vations of Seyferts or BLRG with low inclination angles. 

The area directly around the nucleus of 3C 120 is a chaotic re- 
gion of photoionized gas (Hua 1988; Soubevran et al. 1989), with 
plenty of Ha and O [III] emission observed to be within the point- 
spread function of XMM-Newton lHuJll988» . If the AGN dom- 
inates the ionization of this surrounding gas, then, assuming the 
presence of high density gas to increase the free-free emissiv- 
ity, these giant H II regions may be the source of the observed 
bremsstrahlung component. A detailed analysis of the Chandra 
data which would miss most of this emission could test this model. 

6.4 Implications for understanding jet formation 

The goal of X-ray spectroscopy of radio-loud objects is to eluci- 
date details on how relativistic collimated outflows are generated 
by comparing the results to the more numerous radio-quiet sources. 
Has this XMM-Newton observation of 3C 120 brought us closer to 
that goal? The exact accretion geometry close to the central black 
hole remains uncertain (Sect. Ift.lt . The observed luminosity and 
inferred black hole mass imply that 3C 120 is accreting close to 
its Eddington rate. This would seem to make a truncated accre- 
tion disc geometry rather unlikely if the inner disc had to take on a 
radiatively-ine fficient form such as an ADAF (advection dominated 
accretion flow jNaravan & Yill995h . which is stable only at low ac- 
cretion rates. At high accretion rates, the disc will likely be thicker 
due to radiation pressure (see, e.g., 'slim' discsi lAbramowicz et alJ 
1988), but can extend down to the ISC O. If radio-loudness is 
more common <Xu. Livio & Baud 11999 ) at very high and very 
low luminosities (where ADAFs are more likely) then that would 
suggest that thick accretion flows may be very important for the 
lau nching of jets (see also [ Marchesini. Celotti & FerraresdEo04l 
and Begelma n& Celottl2004h . This is consistent with some of the 
more recent theoretical considerations lMeiedll999ll200lh which 
notes the importance of the poloidal magnetic field in the disc for 
jet production. 

A highly ionized accretion disc would be consistent with 
a high accretion rate. Ionized Fe Ka lines have been observed 
in XMM-Newton observ ations of the hig h-luminosity Seyferts 
Mrk 205 and Mrk 509 iReeves et al J 1200 it IPounds et aljl200lL 
iDeRosa et ai]l2004l; but see iPaee. Davis & Salvill2003h . Ionized 
discs have long been considered an explanation for the weak-to- 
non-existent Fe Kg lines in quasars (i.e., the X-ra y Baldwin effect; 
llwasawa & Taniguchilll993l ; iNandra et alJll997bh . and have been 
successfully applied to some narrow-line Seyfert Is (NLSls) which 
are believe d to be accreting at a significant fraction of E dding- 
ton iBallantvne. Iwasawa & Fabiar]l200lt lLonginotti et alJ 120031 
Pounds et al. 2003). Interestingly, there are very few known radio- 
loud NLS Is which suggests that a high or low accretion rate relative 
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to Eddington is not the only parameter important for jet formation. 
NLSls have lower than typical black ho le masses iFerrarese et alJ 
l200lt lWarner. Hamann & Dietrich 2004), which means their accre- 
tion discs would likely be denser and not as thick as ones around 
higher mass black holes accreting at the same fraction of Edding- 
ton IShakura & Sunvaevlll973l) . If jet production is strongly sensi- 
tive to disc thickness then this would be a possible explanation for 
apparent correlation between radio-loud AGN and black holes with 
masses > 10 r Mq. These ideas can also be extended down to the 
lower mass Galactic black hole candidates, where jet production is 
often observed only in the low/hard state l Gallo, Fen der & Poolevl 
120031) . and is quenched when the systems move to the high/soft 
state (e.g- lFender et alJll999l) . A truncated accretion disc geome- 
try in the low/hard state when the accretion rate is small, moving 
to a thinner and denser configuration in the more rapidly accret- 
ing high/soft state would be consistent with the picture described 
above. Clearly, more observations are required to test the above 
scenario. In this regard, ionized disc modeling will be vitally im- 
portant; as we have seen with 3C 120, there can be very subtle dif- 
ferences between a power-law and ionized-disc continuum which 
will need to be taken into account in order to obtain an accurate 
picture of the inner accretion disc in AGN. 



7 SUMMARY AND CONCLUSIONS 

This paper presented EPIC data from a 127 ks XMM-Newton ob- 
servation of 3C 120 that was performed simultaneously with RXTE. 
The time averaged spectral fitting found similar results to previous 
observations: a weak reflection spectrum, with a relatively small 
(EW~ 50 eV) neutral Fe Kq line. The data strongly requires ab- 
sorption greater than the Galactic value and a soft excess. Small 
absorption edges from O VII and O VIII also significantly improve 
the fits, implying the presence of a weak warm absorber. The soft 
excess was best fit by a thermal bremsstrahlung component, which 
we speculate arises from either the broad-line region or photoion- 
ized regions close to the nucleus. The data also prefers a weak ion- 
ized iron li ne at ~ 6.9 keV, as firs t suggested by a Chandra ob- 
servation l Yaqoob & Padmanabhan 2004). Tentative evidence for 
Fe Kq variability was presented which needs to be verified by fu- 
ture observations. 

We are unable to convincingly determine whether a truncated 
or non-truncated accretion disc geometry provides the best descrip- 
tion of the data. A basic power-law plus simple distant reflector 
model provided the best statistical fit. A double reflection model, 
combining the features of a very highly ionized and a neutral reflec- 
tor also fits the broadband data, but requires subsolar metal abun- 
dances based on the strength of the soft X-ray emission features. 
There are no constraints on the location of the highly ionized reflec- 
tor, but it most plausibly arises from very close to the ISCO. The 
neutral reflector arises from the outer parts (> 75 r 3 ) of the disc. 
The spectral and variability results confirm the source is Seyfert- 
like, and that any jet emission in the observed band will be very 
small. 

This observation has clarified many of the outstanding ques- 
tions regarding the spectrum of 3C 120, but unfortunately further 
observations are required to produce a convincing physical model. 
The fact that 3C 120 was accreting close to the Eddington limit is 
consistent with the ionized disc model and implies that disc thick- 
ness may be a key parameter in the ability of a system to launch 
powerful relativistic jets. 
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